The effects of ovarian hormones on the vaginal population of Pasteurella pneumotropica in rats were investigated. Specified-pathogen-free adult female Wistar-Imamichi rats with a 4 day oestrous cycle were inoculated with P. pneumotropica in the vagina. Cyclic changes in the vaginal population of P. pneumotropica were not observed in ovariectomized rats and the bacterial population was at a similar level to that at normal dioestrus. Administration of oestrogen to ovariectomized rats caused an increase in the numbers of P. pneumotropica and total bacteria in the vagina nearly equal to that at oestrus in intact rats. The numbers of these organisms in the vagina of ovariectomized rats treated with progesterone did not change and were similar to those of control ovariectomized rats treated with sesame oil. Vaginal smears of ovariectomized rats treated with oestrogen were characterized by abundant cornified non-nucleated epithelial cells with many adherent Gram-negative coccobacilli and were similar to smears from intact rats at oestrus. These findings suggest that the proliferation of P. pneumotropica at oestrus in rat vagina may be primarily due to the environment provided by the degeneration of vaginal epithelial cells promoted by oestrogen secretion from the ovaries.
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Pasteurella pneumotropica is a potential respiratory and occasionally suppurative pathogen (Jawetz, 1948; Brennan, Fritz & Flynn, 1969; van der Schaaf e/ al., 1970; Moore & Aldred, 1978) . It was shown to be the most dominant organism in the adult vagina in a clinically healthy colony of rats and at peak population, with the indigenous bacteria, at oestrus (Yamada, Baba & Arakawa, 1983) . It is therefore considered that the cyclic changes in the levels of . ovarian hormones during the oestrous cycle (Smith, Freeman & Neill, 1975) might influence the population of P. pneumotropica.
The purpose of the present study was to examine the influence of ovarian hormones on quantitative Received 13 August /985. Accepted 6 December /985. changes in P. pneumotropica m the vagina of ovariectomized rats.
Materials and methods
Rats Specified-pathogen-free virgin female Wistar-Imamichi rats with a 4 day oestrous cycle were purchased from the Institute for Animal Reproduction, Omiya, Japan. The rats used were 10-12 weeks old, did not carry P. pneumotropica and were either free from Proteus spp. or yielded fewer than five colonies per plate from vaginal swabbing in the preliminary examination. Throughout the experimental period the rats were housed in stainless wire-mesh cages in a temperature-and lightcontrolled room (24 ± 2°C, 12 h of artificial lighting) and were given access to food and water ad libitum.
Pasteurella pneumotropica
A strain of P. pneumotropica was isolated from the vagina of a naturally infected, clinically healthy Wistar-Imamichi rat.
Media 5% sheep blood agar was used for counting P. pneumotropica and BL agar, an unselective medium for intestinal bacteria (Mitsuoka, Sega & Yamamoto, 1965) , was used for counting total bacteria in the vagina. The blood agar was incubated aerobically at 37°C for 2 days and the BL agar was incubated anaerobically at 37°C in a GasPack® jar (BBL Co., Cockeysville, MD, USA) for 4 days.
Bacteriological identification
For the identification of P. pneumotropica we followed Mannheim, Pohl and Hollander (1980) and Schulz, Pohl and Mannheim (1977) and used a slide agglutination test with rabbit antiserum to the P. pneumotropica strain used in this study . pneumotropica and total bacteria were no longer found.
Vaginal colonization

Experiment 2
As illustrated in Fig. 2 , the counts of P. pneumotropica and total bacteria in the vagina of ovariectomized rats treated with oestrogen increased significantly (P < 0·01), approximately to the levels of intact rats at oestrus. There was no change in the counts in the vagina of ovariectomized rats treated with progesterone or in the vagina of control rats treated with sesame oil. in each group) ± SEM is given: 0, total bacteria; e, P.
pneumotropica; " significant difference (P < 0·01) against the value on day O.
Experiment 2: treatment with ovarian hormones Fourteen ovariectomized rats inoculated with P. pneumotropica in the vagina were divided into three groups: five rats for oestrogen treatment, five rats for progesterone treatment and four rats for controls. In each group, 5 !!g per rat of oestrone as a type of oestrogen (Nakarai Co., Nijyo, Karasuma, Nakagyo-ku, Kyoto, Japan), 6 mg of progesterone per rat (Nakarai Co:, Japan) or 0·2 ml per rat of sesame oil as the solvent of the hormones was injected subcutaneously daily for 4 days. Counts of P. pneumotropica and total bacteria in the vagina were performed on the day the treatment started (day 0) and on day 4.
Observation of vaginal cells
Smear preparations of the vaginal flushings collected for bacteriological examination in experiments 1 and 2 were stained by Gram's method and examined microscopically.
Statistical analysis
In experiment 2, Student's t test was used to evaluate the effects of ovarian hormones on the populations of P. pneumotropica and total bacteria in the vagina.
Quantitative examination
Quantitative examination of P. pneumotropica and total bacteria in the vagina was performed according to the vaginal flushing and plate count technique modified after Larsen, Markovetz and Galask (1977a) as described in detail by Yamada et al. (1983) . The bacterial counts were expressed as logarithm to the base 10 of colony-forming units per vagma.
Experiment 1: ovariectomy The oestrous stage of each of six rats inoculated with P. pneumotropica in the vagina was determined by daily vaginal smears. Quantitative sampling of P. pneumotropica and total bacteria in the vagina was performed every other day starting at dioestrus for six samples. On the day of the third culture, ovariectomy was performed aseptically without antibiotic by incising dorsal skin under ether anaesthesia.
organism was recovered from all rats for at least 3 weeks after the inoculation.
Results
Experiment]
The viable counts of P. pneumotropica and total bacteria in vaginal flushings of six rats before and after ovariectomy are illustrated in Fig. 1 . Before ovariectomy the counts of P. pneumotropica and total bacteria increased in parallel to a peak at Oestrogen effect on P. pneumotropica in rat vagina
Vaginal cytology
Tn experiment 1, cyclic changes were seen in vaginal cells in the vaginal f1ushings from each intact rat during the oestrous cycle, but after ovariectomy vaginal cells consisted of a few leukocytes and cornified or round nucleated epithelial cells free from bacteria or with a few bacteria adhering up to the sixth day. There were no cyclic changes.
In experiment 2, vaginal cells of ovariectomized rats treated with oestrogen consisted mostly of cornified non-nucleated epithelial cells with many adherent Gram-negative coccobacilli and a few Gram-positive cocci, and were similar to the vaginal cells of intact rats at normal oestrus. Treatment of ovariectomized rats with progesterone and sesame oil had no effect on vaginal cytology.
Discussion
The results indicated that the cyclic changes in the vaginal population of P. pneumotropica during the oestrous cycle were no longer seen after ovariectomy but treatment with oestrogen caused the population of the organism to increase approximately to the level in intact rats at oestrus. It seems evident that the marked proliferation of P. pneumotropica in the vagina of intact rats at oestrus is due to the influence of oestrogen secretion from the ovaries.
Whether the influence of oestrogen on the proliferation of P. pneumotropica in rat vagina is direct or indirect is not clear. The plasma oestradiol 17-B level is a maximum during pro-oestrus and low during oestrus (Smith et at., 1975) . Vaginal smears of ovariectomized rats treated with oestrogen were characterized by an abundance of cornified nonnucleated epithelial cells with many adherent Gram-References Brennan, P. c., Fritz, T. E. & Flynn, R. J. (1969) pneumotropica and the other indigenous bacteria. The numbers of P. pneumotropica and total bacteria after ovariectomy were similar to those at normal dioestrus and so it is considered that the vagina with even just a few degenerated cornified epithelial cells can still provide a suitable environment for P.
pneumotropica.
It has been reported that P. pneumotropica has been isolated from the faeces of rats and mice (Moore, Allen & Ganaway, 1973; Mikazuki et al., 1983) and it seems likely that the natural occurrence of P. pneumotropica in the rat vagina may be due to faecal contamination.
Suitable sites for P. pneumotropica in rats are the pharyngolc.ryngeal surface and the vagina (Saito et ai., 1981; Yamada et ai., 1983) . Since epithelial cells of both these sites are squamous and frequently cornified, further studies are required to elucidate the relationship between the proliferation of P.
pneumotropica and the presence of cornified nonnucleated epithelial cells.
